PATENT SPECIFICATION 



<"> 1408 078 



00 ( 21 ) Application No. 13527/73 (22) Filed 21 March 1973 
IS (31) Convention Application No. 2215576 (32) Filed 30 March 1972 
© (31) Convention Application No. 2256850 
Of) (31) Convention Application No. 2256885 
© (31) Convention Application No. 2256915 
^ (33) Germany (DT) 

(44) Complete Specification published 1 Oct. 1975 

(51) INTCL= G01S9/62 

(52) Index at acceptance 

H4D 714 753 755 765 767 771 775 7S1 

G1A 210 212 21Y 247 248 261 263 264 26Y 307 357 358 
361 363 364 36Y 403 407 409 426 428 42Y 436 
438 43Y 447 448 457 458 469 472 482 491 492 
493 54X 54Y 557 558 559 561 563 565 56Y 573 
593 597 59Y 683 761 767 780 78Y 



(32) Filed 20 Nov. 1972 
(32) Filed 20 Nov. 1972 
(32) Filed 20 Nov. 1972 in 



782 




(54) A METHOD OF CONTROLLING A MOTION OF A 
LAND VEHICLE 



(71) We, ERNST LEITZ GMBH, of 
6330 Wetzlar, Postfach 2020, Federal 
Republic of Germany, a joint stock company 
organised under the laws of the Federal 
5 Republic of Germany, do hereby declare the 
invention, for which we pray that a patent 
may be granted to us, and the method by 
which it is to be performed, to be particularly 
described in and by the following state- 

10 ment: — 

The present invention relates to a method 
and apparatus for measuring, controlling or 
indicating a motion of a land vehicle in rela- 
tion to its surroundings. 

15 As soon as the maximum available fric- 
tional force between the road wheels of a 
vehicle and the road is exceeded by braking, 
the road wheels lose their grip on the road 
surface. Static friction changes into the 

20 lesser dynamic friction, the wheels may be- 
come locked and, consequently, the vehicle 
slides along the road surface. This not only 
reduces the potential braking deceleration but 
also the available lateral steering force, so 

25 that the vehicle becomes virtually uncontrol- 
lable and skids. The risk of skidding is par- 
ticularly great when the co-efficient of fric- 
tion between the wheels and the road surface 
is small, which happens on a slippery road 

30 or on an icy street. 

When a vehicle is braked a certain slip 
always develops due to deformation of the 
tyres on the wheels of the vehicle, since the 
circumferential speed of the wheels is smaller 

35 during braking then the speed of the vehicle. 
Maximum adherence to the road prevails at 
slips between 10 and 30 per cent depending 
on me properties of the tyres and the road. 
On the other hand when the wheels are com- 

40 pletely locked the slip is 100 per cent. The 
lateral steering force drops continuously to 

[Price 



zero as the slip increases but is . still quite 
high at slip values between 10 and 30 per 
cent. Therefore the purpose of an anti-locking 
mechanism is to control the braking power of 45 
a vehicle so as to develop the optimum slip 
whatever the force applied by the driver on 
the brake pedal. Best results are obtained 
when the road wheels are controlled independ- 
ently of each other. 50 

It is known to measure the actual vehicle 
speed by using apparatus such as a non- . 
braked freely rotating fifth wheel, or a centri- 
fugal disk. However, such apparatus is both 
complicated and expensive. This is why the 55 
now adopted criterion for establishing the 
start of skidding is the angular deceleration 
of the wheel which occurs at this instant. 
This deceleration is due to the fact that dur- 
ing the transition into the skidding condition 60 
the braking power is no longer applied to the 
bulk of the vehicle mass, but merely upon 
the much smaller mass of the wheel. On the 
other hand, the wheel itself is subject to 
acceleration when, after a sudden release of 65 
the brake, the wheel is again free to rotate. 
In a known protection system against skid- 
ding of this land each wheel is provided with 
an inductive pulse emitter for sensing the 
speed of rotation of the respective wheel. 70 

The disadvantage of such known apparatus 
is that data on vehicle movements are derived - 
indirectly by measuring acceleration. Its rela- 
tionship to vehicle speed is necessarily incor- 
rect since distorting factors such a tyre pres- 75 
sure, oscillations, vehicle loading entail errors 
in the measurements. 

, Another most important factor in improv- 
ing traffic safety is the knowledge of the dis- 
tance to the vehicle next ahead and the 80 
generation of warning and control signals as 
soon as this distance is reduced below a pre- 
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tion to its surroundings. 

15 As soon as the maximum available fric- 
tional force between the road wheels of a 
vehicle and the road is exceeded by braking, 
the road wheels lose their grip on the road 
surface. Static friction changes into the 

20 lesser dynamic friction, the wheels may be- 
come locked and, consequently, the vehicle 
slides along the road surface. This not only 
reduces the potential braking deceleration but 
also the available lateral steering force, so 

25 that the vehicle becomes virtually uncontrol- 
lable and skids. The risk of skidding is par- 
ticularly great when the co-efficient of fric- 
tion between the wheels and the road surface 
is small, which happens on a slippery road 

30 or on an icy street. 

When a vehicle is braked a certain slip 
always "develops due to deformation of the 
tyres on the wheels of the vehicle, since the 
circumferential speed of the wheels is smaller 

35 during braking then the speed of the vehicle. 
Maximum adherence to the road prevails at 
slips between 10 and 30 per cent depending 
on the properties of the tyres and the road. 
On the other hand when the wheels are com-. 

40 pletely. locked the slip is 100 per cent The 
lateral "steering force drops continuously to 
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complicated and expensive. This is why the 
now adopted criterion for establishing the 
start of skidding is the angular deceleration 
of the wheel which occurs at this instant. 
This deceleration is due to the fact that dur- 
ing the transition into the skidding condition 
the braking power is no longer applied to the 
bulk of the vehicle mass, but merely upon 
the much smaller mass of the wheel. On the 
other hand, the wheel itself is subject to 
acceleration when, after a sudden release of 
the brake, the wheel is again free to rotate. 
In a known protection system against skid- 
ding of this kind each wheel is provided with 
an inductive pulse emitter for sensing the 
speed of rotation of the respective wheel 

The disadvantage of such known apparatus 
is that data on vehicle movements are derived 
indirectly by measuring acceleration. Its rela- 
tionship to vehicle speed is necessarily incor- 
rect since distorting factors such a tyre pres- 
sure, oscillations, vehicle loading entail errors 
in the measurements. 

Another most important factor in improv- 
ing traffic safety is the knowledge of the dis- 
tance to the vehicle next ahead and the 
generation of warning and control signals as 
soon as this distance is reduced below a pre- 
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determined safe distance related to the speed 
of the following vehicle. Known systems 
functioning without recourse to auxiliary 
means mounted along the road have basic 

5 disadvantages. Because of the linear propaga- 
tion of rays serving to measure the distance 
(e.g infra-red beams, radar, Laser beams, 
etc.) no distance measurements can be effected 
when travelling along curves or over undula- 

10 uons in the road surface, There is also the 
risk that oncoming traffic, trees, kerbs, bridges 
will falsify measurements. 

According to one aspect of the present in- 
vention, there is provided a method of 

15 measuring, controlling or indicating a motion 
of a land vehicle, comprising the steps of 
forming at least one image of an object in 
the vicinity of the vehicle on an optical grat- 

™ m ? of an optical correlator device, deriving a 

w pair of phase-opposed electrical signals from 
at least one photo-electric receiver responsive 
to light modulated by the grating, deriving at 
least one further electrical signal from the 
phase-opposed signals to represent the motion 
of the vehicle relative to the object, and apply- 
ing the or each derived signal to means for 
measuring, controlling or indicating, respec- 
tively, the motion of the vehicle. 

*n * Th x Sj the I ? ovemen t of at least one image 
of a feature in the surroundings in relation 
to the vehicle is translated into phase-opposed 
signals representing vehicle movement by 
means of an optical correlator device or 
system including an optical grating and at 
35 least one photo-electric receiver. These sig- 
nals are then separated from signal con- 
stituents of the same sign or from distorting 
signals and then, if necessary, jointly with 
other other signals derived from other 
W measured values applied as input to a servo 
system which controls the movements of the 
vehicle. 

To counteract the skidding effect of the 
vehicle wheels on the ground, the optical 

45 correlator system translates movement along 
the road into signals proportional to the 
vehicle speed; these signals are then compared 
with signals related to the speed of rotation 
of the road wheels of the vehicle; signals 

5U resulting from this comparison are then 
applied to the input of a servo system which 
controls operation of the vehicle drive means 
or the vehicle braking means with the object 
of obtaining a certain optimum slip between 

55 the road wheels and the ground. 

To control the unwelcome lateral drift with 
due regard to its sense, an optical correlator 
system converts the movement of the road 
transversely to the normal direction of vehicle 

ou movement into electric signals proportional 
to the lateral movement of the vehicle. These 
signals are obtained either direct as measured 
in the correlator system and represent the 
actually measured movement across the direc- 

05 tion of normal travel, or are obtained by cal- 



culation as the difference between the 
measured actual direction of vehicle move- 
ment and the normal direction. These sig- 
nals are then applied to a servo system con- 
trolling the steering means of the vehicle. 70 

To adjust brakes and the vehicle drive 
means to the varying travel conditions when 
negotiating bends in the road, the lateral 
drift of the vehicle is convened by an optical 
correlator system into signals representing in 75 
magnitude and sign both the movement alon- 
the road and motion transversely to the in- 
tended travel direction; these signals are com- 
bined with other signals, preferably propor- 
tional to the vehicle speed, to the vehicle slip 80 
in the direction of travel, and proportional 
to the deflection of the steering means, and 
then applied to the driving or braking system 
or to a servo system to adjust the steering! 
inese signals also serve for current indica- *85 
ton of the difference between the maximum 
permissible and actually prevailing curve 
negotiating speed. 

To measure the distance between vehicle 
and an obstruction in its path, an image 90 
structure of the obstruction is registered by 
at least one optical correlator system which 
emits signals relating to the distance, relative 
speed in the direction of vehicle movement, 
and die relative speed transversely to the 95 
path between the vehicle and the obstruction: 
these signals are then compared with the 
speed of the controlled vehicle over the 
ground, and the resulting differential signals 
are apphed to a servo system causing the 100 
speed of the controlled vehicle to change, 
and/or to operate an indicating and/or warn- 
ing appliance. 

The signals for distance, or distance change, 
are derived from -the amplitudes of signals 105 
derived from the correlator system; signals 
for the relative speed transversely to the travel 
direction are derived from frequency and 
phase displacement of the signals derived 
irom the correlator system. no 
. To assess the speed of vehicles approach- 
ing the rear of the controlled vehicle, at 
least one image structure of the trailing 
vehicle is evaluated in an optical correlator 
system directed towards the rear of the con- 115 
trolled vehicle; in addition the correlator 
system generates electrical signals propor- 
tional to the approach speed of the vehicle 
at the rear and to its distance. These siff- 

™ti OT ?Pf ed me SP** 1 of the 120 
controlled vehicle and the comparator output 

a??nScef° indicadng md /° T naming 
Preferably, the method is characterised by 
the use of an optical correlator system with 125 
at least one optical grating in an image plane 
and of at least one photo-electric receiver res- 
ponsive to light modulated via the or each 
grating: the system may comprise further 
means for mechanical movement of an opti- 130 
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cal unit or units which polarize or split the 
light into colours, or means for moving two 
gratings or grating structures, which in con- 
junction produce signals containing the neces- 

5 sary information. 

Additionally, the method may be charac- 
terised by the use of an optical correlator 
system comprising in an image plane an opti- 
cal grating comprising strip type photo-elec- 

10 trie receivers. 

According to a further aspect of the pre- 
sent invention, there is provided apparatus 
for measuring, controlling or indicating a 
motion of a land vehicle relative to an object, 

15 comprising an optical correlator device 
mounted on the vehicle, the correlator device 
including an optical grating and at least one 
photo-electric receiver responsive to light 
modulated by the grating, imaging means to 

20 form at least one image of the object on the 
grating, means for deriving a pair of phase- 
opposed electrical signals from the correlator 
device, means for deriving at least one further 
electrical signal from the phase-opposed sig- 

25 nals to represent the motion of the vehicle 
relative to the object, and means for apply- 
ing the or each derived signal to means for 
measuring, controlling or indicating, respec- 
tively, the motion of the vehicle. 

30 Preferably, apparatus for carrying out the 
method is characterised by: the provision 
preferably for each vehicle road wheel of a 
sensor-transmitter of their rotational speed; 
the provision of a correlator system generat- 

35 ing signals containing directional and sign- 
true information which measures the relative 
speed of the vehicle chassis in relation to the 
ground without any contact therewith, the 
correlator system comprising at least one grat- 

40 ing in an image plane and at least one photo- 
electric receiver associated with the grating 
and receiving light energy modulated by the 
grating, and comprising, if necessary, addi- 
tional means for mechanical movement of at 

45 least an optical unit or means which polarize 
or split light into their colour fractions, or 
means for appropriately moving two grids 
or grid systems; the provision on the load 
side of the correlator system of a comparing 

50 stage with a preferably adjustable slip set 
value to which are applied the output signals 
of the correlator system, the output signals of 
the comparing stage being if necessary passed 
through an amplifier and then applied as con- 

55 trol signals on to a servo system which regu- 
. lates the circumferential speed of the respec- 
tive road wheel. 

Advantageously, the apparatus comprises at 
least one optical correlator system generating 

60 signals containing directional and sign-true in- 
formation which measures movement trans- 
versely to the normal travel direction of the 
vehicle, the correlator system comprising at 
least one grating in an image plane, at least 

65 one photo-electric receiver associated with the 



grating and receiving light energy modulated 
by the grating, optical means to polarize or 
split light into its colour fractions, and means 
for displacing either the grating system or the 
optical means; the provision on the load side 70 
of the correlator system of a comparing stage 
to which are applied the sign-true output sig- 
nals of the correlator system and onto which 
if necessary the set value is applied for com- 
parison; and the provision of a servo steer- 75 
ing system connected to the output means of 
the comparator. 

Expediently, the apparatus is characterised 
by: the provision preferably for each vehicle 
road wheel of a sensor-transmitter of its rota- 80 
tional speed; the provision of an optical cor- 
relator system generating signals containing 
directional and sign-true information which 
measures vehicle movements both transversely 
to, and in the direction of vehicle travel, the 85 
correlator system comprising at least one grat- 
ing in an image plane and at least one photo- 
electric receiver associated with the grating 
and receiving light energy modulated by the 
grating, and comprising, if necessary, addi- 90 
tional means for mechanical movement of at 
least an optical unit or means which polarize 
or split light into their colour components or 
means for appropriately moving two gratings 
or grating systems; means for applying the 95 
output signals of the correlator system 
together with the signals from the rotation 
speed sensor-transmitter to a computer on 
the load side of the correlator system which 
calculates the resultant of the lateral thrust 100 
slip and slip in the travel direction; the pro- 
vision of means for comparing the resultant 
with a set limit value with due regard to the 
deflection angle of the road wheels of the 
vehicle; the provision of a servo system which 105 
when the resultant exceeds the set value oper- 
ates the drive or brakes of the wheels and/or 
the vehicle steering system; and the provision 
if so required of indicating and/or warning 
means in the computer output. " 110 

Preferably, the apparatus is characterised 
by: the provision of an optical correlator 
system generating signals containing direc- 
tional information which measures movement 
in the direction of travel preferably along 115 
two co-ordinates, the correlator system com- 
prising at least one grating in the image plane 
and at least one photo-electric receiver associ- 
ated with the grating and receiving light 
en e rgy modulated by the grating, and com- 120 
prising, if necessary, additional means for 
mechanical movement of at least an optical 
unit or means which polarize or split light 
into their colour fractions or means for 
appropriately moving two gratings or grating 125 
system; wherein the output electrical signals 
and their changes emitted by the correlator 
system and obtained by using the perspec- 
tive object image along two co-ordinates each 
perpendicular to the direction of vision are 130 



1,408,073 



applied on to a comparing station connected 
to the load side of the correlator system; 
wherein the comparing station comprises a 
summauag stage, a differential stage and/or 
f ? U ° J detcrminin S stage; wherein on the 
load sjde of the comparing station a com- 
puter is connected supplied in addition with 
signals from a distance measuring system; and 
wherein the computer output is connected to 
™ a servo system controlling the travel speed of 
the vehicle and/or an indicating and/or a 
warning appliance. 

Advantageously, the apparatus is charac- 
tensed by : an optical correlator system facing 

& towards the rear of the vehicle and compri£ 
ing at least one grating in an image plane 
and at least one photo-electric receiver associ- 
ated with and receiving the light modulated 
by the grating; the electric output signals 
from the correlator system being applied 
together with electric signals proportional to 
the speed of the controlled vehicle, to a com- 
paring unit the output of which is applied to 
a warning appliance. 

25 Instead of a grating and the photo-electric 
receiver associated therewith, apparatus with 
a single co-ordinate correlator system may be 
provided with alternately arranged strip 
shaped photo-electric receivers arranged in a 

DKJ mesh formation. 

Embodiments of the invention will now be 
more particularly described with reference 

to the accompanying drawings, in which: 

Fig. 1 shows apparatus for measuring and 
evaluating slip in the direction of travel; 

Fig. 2 shows a diagrammatic representation 
of the apparatus shows in pig. 1; 

Fig. 3 shows a single co-ordinate optical 
An P 0 ™ 3 * 01 " system in accordance with one em- 
40 bodiment of the invention; 

Fig. 4 shows a single co-ordinate optical 
correlator system in accordance with another 
embodiment of the invention; 

Fig. 4a shows a variant of the correlator 
45 system shown in Fig. 4; 

Fig. 4b, 4c show two views of a part of 
the correlator system shown in Fig. 4a; 

Fig. 5 shows a single co-ordinate optical 
correlator system in accordance with a further 
:>U embodiment of the invention; 

. Fi S- 6 snows an optical correlator system 
in accordance with yet another embodiment 
of the invention; 
Fig. 7 shows apparatus for reducing the 
» extent of unwanted changes in the travel 
direction; 

Fig. 8 shows apparatus for adjusting the 
operation of brakes and drive means in accor- 
dance with varying travel conditions while 
w negotiating curves; 

Fig. 9 shows a two co-ordinate optical 
correlator system with a single grid in accor- 
dance with a still further embodiment of the 
invention; 



Fig. 10 shows a variant of the correlator 65 
system shown in Fig. 9; 

Figs. 11a to \\g show, respective sketches 
to illustrate the operation of counter-collision 
apparatus; and 

Fig 12 shows a diagrammatic representa- 70 
tion of apparatus provided with a correlator 
system to prevent collision with an obstacle 
located in the direction of vehicle travel 

hJ? 5 * * sh0WS an OP^I speed correlator 
device 10 mounted on a vehicle chassis to 75 
po:nt downwardly towards the road and serv- 
ing to measure the forward travel speed of 
the vehicle^ Thus, the device 10 enables the 
road speed of the vehicle to be measured 
without employing any sensor members which 80 
contact die surface of the road. On each of the 
lour wheels of the illustrated vehicle a revolu- 
tion sensor-transmitter 30—33 is mounted; 
their output signals together with the output 
signals of the correlator system 10 are applied 85 
to the intake of a comparator 26 which itself 
controls a servo system 29, accommodated in 
the same housing as the comparator 26, and 
operating the four brake control valves 17 

— Whee1 ' These ^es are 90. 
mounted in pipeline system 12 connected with 
amain brake cylinder 11 of the hydraulic 
braking system of the vehicle. The servo 
system 29 controls, in addition, the differen- 
tial gear 13 of the traction wheels. 95 

In use, the apparatus described above per- 
forms the following function: when braking 
P^^^eeds a preset threshold, as the* 
brake pedal 14 is depressed, the brake servo 
system operates the brake control valves and 100 
varies the brake pressure applied upon each 
wheel until the preferably adjustable sup com- 
paring stage 26 assumes the set value between 
wheel and road resulting from the difference 
betv/een the wheel transmitter 30—33 signals 105 
and the correlator device or system 10. If the 
preset rotation speed difference of both trac- 

tr^J^k'j ^ servo system 

t^nsmits, mdependendy of the braking 
system, the driving force via differential gea? 110 
13 on to me slower running road wheel. 
~/f e ^ 3Struct,0n of ^ apparatus is indi- 
cated diagrammatically in Fig. 2, in which 
exponents corresrxmding to those which 
have been described in Fig. 1 are indicated 115 
by tie same reference numerals as those used 
in Fig. 1. 

rJrttJL S J 10 T S a single co-ordinate optical 
correlator device of the land represented in 
£igs. l and 2 by the reference numeral 10. 120 

3 ^ect in the vicinity of the 
vehicle, eg. the road surface, is indicated by 
the reierence numeral 1; This object is 
Ululated by lamp 2 through condenser 3 

Jn tZ S? f S pr0jects ™ d ""age 125 
on to the plane of an optical grating 5. A 

22^3. PT l^ } 6 mou * ted between ^ 

reWWni^'? IenSCS 4 c pr0iccts > b y d ™ble 
refraction, two images of a feature of the 
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object into the plane of the grating 5. These 
two images are differently polarized and are 
mutually displaced in the grating plane 5 by 
half the grating constant, and each image 

5 extends at right angles to the mesh of the 
grating 5. The light derived from the respec- 
tive images is then transmitted, after passing 
through the grating 5, through a polarizing 
divider 7 and condensers 9, to respective ones 

10 of photo-electric receivers 8. 

Since different features of the object sur- 
face (as indicated on object 1 by dark patches) 
absorb light differently, the output signals 
from the photo-electric receiver 8 vary in 

15 amplitude in correspondence with the changes 
in light strength distribution in time on die 
plane of the grating 5 due to movement of 
the vehicle relative to the object 1. By super- 
imposing the object structure and the optical 

20 grating structure, the image components are 
filtered and their local frequency is related 
to the grating constant During this process, 
additional low frequency image constituents 
pass through the grating and represent a dis- 

25 torting fraction with the same light intensity 
on each receiver. The same applies as well 
to the image displaced by half the grating 
constant, the only difference being that the 
local waveform related to the grating con- 

30 st ant is shifted in phase by 180° against that 
of the first-mentioned signal. By a subsequent 
substraction of electrical signals derived from 
both images, all co-phase, equally illuminated 
light components are eliminated and the sig- 

35 nal components with the opposite sign to the 
filtered local waveform are added. When the 
object is moving relative to the vehicle, or 
vice-versa, this local frequency is converted 
into a frequency proportional to speed, and 

40 is then measured. 

It is of course possible when the object is 
stationary to move the grating 5 in rela- 
tion to the optical axis of the apparatus (the 
drive means for effecting such displacement 

45 of the grating 5 is indicated schematically at 
15). If this is done e.g. uniformly in one 
direction the receiver output for a stationary 
object has a frequency proportional only to 
the speed of movement of the grating 5. Con- 

50 trary thereto, when the object is moving, the 
frequency depends on the direction of move- 
ment and is proportional either to the sum 
or difference of grating and object speeds. 
From these signals it is then possible by com- 

55 paring them with a signal generated from the 
movement of the grating alone (e.g. by means 
of a phase-sensitive rectifier) to determine the 
magnitude and direction of the vehicle move- 
ment relative to the object, and vice-versa. 
60 When determining the local position, it is 
necessary to count the number of emitted 
periods in the comparator output, with due 
regard to the also available directional infor- 
mation. 

65 In the optical correlator shown in Fig. 4 



the reference numeral 1 represents an opaque 
object moving relative to the vehicle; its rela- 
tive speed is to be measured under incident 
light. Object 1 is illuminated by lamp 2 
through condenser 3. The object lens set 4 70 
projects the object image on to the plane of 
an optical grating 5a which is in the form of a 
grooved optical grating structure with a tri- 
angular section of grooves 5'. Because the 
faces of the grooves 5' have mutually dif- 75 
ferent slopes an energy split is effected due 
to different light direction changes from 
adjacent faces. The energy from each refract- 
ing face-set is then transmitted through con- 
densers 9 to one of the two photo-electric 80 
receivers 8 respectively. 

Since the object surface pattern as shown 
on object 1 by darker areas absorbs incident 
light differently at each point, the respective 
output signals of the photocells 8 have dif- 85 
ferent components corresponding to the 
changes in time of the brightness in grating 
plane 5a due to the relative movement of 
object 1. Superimposition of t the surface pat- 
tern of object 1 with the grating shape causes 90 
fractions of the image pattern to be trans- 
mitted via the grating with a local frequency 
equal to the grating constant. At the same 
time, some additional low frequency com- 
ponents of the light from the image pass 95 
through the grating and constitute a disturb- 
ing part of the signal with the same light 
intensity on each receiver. The same aoplies 
to the image points displaced by half the 
grating constant, the only difference being 100 
that the local frequency corresponding to the 
grating constant is displaced in phase by 180° 
in relation to the first mentioned local signal. 
With the help of a difference forming opera- 
tion applied to the electrical signals obtained 105 
from both image fractions, the constituents 
of these signals due to the co-phase uniform 
light intensity are eliminated. At the same 
time, the signal constituents in the signal frac- 
tions after filtering are combined or sum- 110 
mated with the counter-phase signal frac- 
tions. When object 1 is moved in relation to 
the grating, the local frequency is then con- 
verted into a signal of which the frequency 
is proportional to the speed of movement, and 115 
the frequency of this signal is measured. 

Optical grating 5a is movable in the direc- 
tion of the adjacent double-head arrow. An 
electrically operable drive unit 15 to effect 
this movement is shown in Fig. 4 by broken 120 
lines and serves to move the grating periodic- 
ally in relation to the optical axis. When this 
is done, an alternating signal is obtained at 
the receiver output while the object is static; 
depending on the direction in which the 125 
object is moved, the frequency of this out- 
put signal is proportional to the sum or dif- 
ference of the speeds at which object and grat- 
ing are moved. 

With the help of these signals it is then 130 
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possible to determine the magnitude and 
direction of the object movement by com- 
paring them with a signal generated by the 
movement of grating alone (e.g. with a phase. 
5. sensitive rectifier). y 

The object 1 may comprise part of the 
surface of a road, in relation to which the 
correlating system is displaced as the vehicle 
10 road U * mounted moves atong the 

In Fig 4a another correlator device is 
shown. Reference 1 denotes again the mov- 
ing opaque object; its movement relative to 
!t ™ Relator device is to be measured 
" Object 1 isiUuminated by lamp 2 with con- 
denser 3. The object lens set 4 projects an 
unage on to the plane of a grating 5"'. Fig 
4b is a plane view on grating 5"' This 
grating .consists of a plurality of strips* which 
are either transparent, polarizing, or opaque. 
The strips are arranged in such an order 
that a linear polarizing strip is followed by an 
opaque strip, a strip polarizing at right angles 
to the first polarizing strip, a transparent strip, 
^ etc in a periodically repeated sequence. This 
grating structure can be regarded as a super- 
imposition of two plain linearly polarizing 
strip gratings polarizing at right angles to 
each other and displaced mutually by a 
quarter period. The light from the object 
linage is then transmitted, after being filtered 
via grating 5"', through a polarizing ray 
divider 7 suited to the optical characteristics 
or the grating and condensers 9 to two photo- 
electric receivers 8. 

The above described appliance performs the 
following function: each of the two photo- 
electric receivers 8 is sensitive only to light 
transmitted ma one grating 5"' strip struc- 
ture displaced to each other by a quarter 
period. When the measured object 1 is moved 
transversaUy in relation to the optical axis 
the output signals from the receivers 8 con' 
asts of periodical electric signals displaced 
45 m phase by 90°. They serve to detcimfoe Se 
directional speed and position of the measured 
object 1. 

The gratmg 5'" can, as shown in Fig. 4c> 
be designed with division carriers for dif- 

50 ferent polarization, shown by different shad- 
ing. These are superimposed in a specific 
arrangement of their dividing action and fixed 
m a definite position corresponding to the 
arrangement of strips shown in Fig. 45 

» It was found that quality of signals emitted 
by the correlator system can be vastly im- 
proved in that the momentary object ele- 
ments, which contribute mainly to the genera- 

°u the high local frequency, are made to yield 
sharper images than the other elements of the 
^•T 111 ? can h J achieved e,g. by mount- 
ing a slit diaphragm (or a cross-slit diaphragm 
for measurements along two coordinates) in 



the ray path of the correlator intake, prefer- 65 
ably m the aperture zone or in the co-focal 
zone of The image generating part of the 

th?^ J£ % ^P^S* is arranged so that 
thw longitudinal centre line of each slit is 
positioned at right angles to the measure! 70 
ment chrection at the grating. It was found 
that provision of a slit diaphragm improves 
q^ahty of the signals three-fold an d P ev£ 
more. For this purpose diaphragm 6 is 
mounted in the optical lens set 4fthe slits 75 
are parallel with the strips of the grid 5"' 
as shown along-side the optical axis in Fig 
hSicta- Phragm P erforms the following 

^^7°? of ra( ? venient measurements by 80 
means of the optical correlator system depends 
on the object surface pattern and on the wav 
its image is obtained; this is determined by 
the signal amplitudes. Information relating to 
"Sf? 6 ? one co-ordinate is based on 85 

statistical changes of this pattern in the direc- 
tion ox measurement. The surface pattern at 
right angles to the direction of measurement 
and its smistical changes produce distorting 
signalsaffectmg measurement of useful sig- 90 
nals. This transverse structure effect cannot 
be completely suppressed however because in 
order to optimize the transmission of light 
energy, a two-dimensional object imaee is 
preferred in which some oblique ray? are 95 

l^^ C ' d TOth . ^ hel P of a rotationally 
symmetric optical unit. Optimizing is 
achieved by using diaphragm 6, which serves 
to increase sharpness of the image depth in 
thedirection of measurement. inn 

With the help of the unit shown by broken 
ll neS ^ » Possible to obtain besides 

the above described signals also counter-phase 
signals to suppress the disturbing signal com- 
5 te the same phase direction as the i 0 5 

n^i2^. F °S^ a coIour splitting 105 
prism 16' positioned between the object lensel 
4 produces by dispersion two object images 
which are mutually displaced in the grating 

^ grating constant, alright no 
angtes to the gratmg strips. The light from 
each image is carried through a colour divider 
1/ x° eaj*. P^to-electric receiver-pair 8 and 
8 . In addition, a polarizing divider 7' and 
condensers 9' suited to the grating 5'" are li<; 
provided. Due to the displacement of both 
^^. m ^ges,* e respective output signals 
derived from the receivers 8 and 18' consist 
fLo 811315 o^spJaced in phase by 0°, 90° 
WOo and 270O which *L pmcesscd fur- 120 

In 1 ^JSt a COI f eI t ator system is illustrated 
m which the optical grating comprises two 
stnp-shaped photo-electric receivers 8' arid 

fanner 5a in which the strips are con- 125 
nected in an mterlocking pattern as indict ^ 
in tie drawing. The longitudinal strips of 

aT^ekends^ I' Sect* 
at their ends to transverse- strips; the output 
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signals of these receivers are connected in 
opposite polarity to obtain differential signals. 
Otherwise this arrangement is similar to that 
which has been described with reference to 

5 Fig. 4. When the grating is moved by the 
electricaUy operable driving unit 15 electrical 
signals are generated in both receivers which 
operate in counter-phase. If object 1 is moved 
simultaneously the frequency of the signals 

10 is modulated; from this, the magnitude and 
direction of the object speed can be deter- 
mined. 

Fig. 6 shows by way of example an alter- 
native spatial arrangement of the optical cor- 
15 relator system. At the top of a tubular hous- 
ing 18 an optical correlator 10' and an 
niumination unit 2 are placed side by side 
which constitute jointly the correlator system. 
n Both are enclosed in the direction downwards 
20 to the housing bottom end 18 by optical units 
3' and 4'. The interior of the tube 18 is so 
supplied through a feed pipe 20 with com- 
pressed air or other gas that the sealing flap 
22, mounted below the units 3' and 4' and 
25 balanced by a counter-weight 21, is opened 
by the air current and, thus does not obstruct 
the light paths. Compressed air may be pro- 
duced e.g. by the pressure developing by 
the movement of the vehicle or the motor 
30 fan. In some applications it may be desir- 
able to pre-heat the air before it is introduced 
into the housing. 

A speed correlator system 10 shown in 
Fig. 7 is arranged, contrary to the correlator 
35 systems described above, to react sign-true 
to the travel speed component at right angles 
to the direction of travel. The output signals 
from the correlator system 10 are applied 
together with the signals from the steering 
40 wheel 23 operated angle transmitter 24 to a 
comparing stage 29. When the comparing 
stage reacts to the lateral speed component 
which deviates from the desired direction to 
travel as intended by turning the steering 
45 wheel, the servo steering system 26 connected 
to the output is automatically operated in such 
a way that the vehicle is brought into the 
desired direction of travel. When the cor- 
relator system 10 is mounted for direct con- 
50 trol from the steering wheel 23 and always 
brought into the desired travel direction, then 
no angle sensor-transmitter 24 is needed. 

Fig. 8 illustrates a speed correlator system 
10' serving to measure simultaneously the 
55 speeds along two mutually perpendicular co- 
ordinate directions, one in the travel direction 
and the other at right angles thereto; its out- 
put signals are applied jointly with the sig- 
nals from the wheel revolution sensor-trans- 
60 mitters 30; 33 and the angle sensor-trans- 
mitter 24 to computer 25'. Computer 25' 
calculates the correction magnitude with dua 
regard to the steering deflection of the vehicle 
road wheels signalled by the steering servo 
65 unit 26. If this calculated value of the cor- 



rection exceeds the preset limit, computer 25' 
emits corresponding signals into the servo 
system 26'. The correction is always sub- 
tracted from the resultant constituted by the 
forward slip and lateral drift. The servo 70 
system controls in the illustrated case the 
engine, brakes on the wheels and the steering 
servo unit 26 until the limit value again ex- 
ceeds the measured value. Even before the 
servo system begins to operate, a warning de- 75 
vice 28 is switched on. It is also possible to 
provide continuous monitoring by means of an 
indicator device controlled by the computer. 

This correlator system taking measurements 
along two co-ordinates is shown in Fig. 9. 80 
The relative speed of the object denoted 1 
is measured. Object 1 is illuminated by lamp 
2 through condenser 3. An object lens set 4 
projects the object image on to the plane of 
optical grating 25. Grating 25 comprises a 85 
carrier 5a with a plurality of identical 
adjacent pyramids 5" with contacting parallel 
base edges. Two directional pairs of the light 
rays are denned in the grating plane by the 
projections of normals to the pyramid faces. 90 
These are provided with four photo-electric 
receivers 8 and four condensers 9. Since the 
surface pattern shown on object 1 by dif- 
ferently shaded areas reflects light of varying 
intensity, the output signals of photo-elements 95 
8 contain variable light components corres- 
ponding to the change in time of the bright- 
ness distribution in the grating plane 25 be- 
cause of the relative movement of object 1. 
By superimposing the object pattern with the 100 
grating structure certain wanted image light 
components are filtered out with a local fre- 
quency related to the grating constant. At 
the same time, however, additional low fre- 
quency image light components are modu- 105 
lated by the grating as unwanted uniform light 
constituents. By the described grating layout 
it is possible to obtain, for each co-ordinate 
direction, a pair of signals in counter-phase. 
By deriving the difference for each pair of 110 
signals the co-phase* uniform light compo- 
nents are eliminated and the counter-phase 
signal components with the filtered local fre- 
quency added. When the object moves in 
relation to the grating, this local frequency 115 
is converted into a signal of which the fre- 
quency is proportional to the speed of the 
vehicle relative to the imaged object As 
shown in Fig. 9, a drive unit 15 may be pro- 
vided which shifts the movably mounted grat- 120 
ing 25 at right angles to the optical axis and 
preferably in the direction of the grating ele- 
ment-diagonals. If this is done, an alternating 
signal is obtained even when the object is 
stationary in relation to the correlator device. 125 
The frequency of this signal is proportional 
either to the sum or to the difference between 
the object speed and the grating speed, de- 
pending on the direction of object move- 
ment. 
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With the help of these signals it is possible 
to determine both magnitude and direction of 
object movement by comparing the signals 
with a signal obtained when only the grating 
5 is moved (e.g. by means of a phase-sensitive 
rectifier). When the local position is measured, 
the number of continuous periods at the com- 
parator output is counted with regard to the 
directional information which is also avail- 
10 able. It is also possible to replace the several 
photo-electric receivers which each measure 
data along one co-ordinate, by a single photo- 
electric receiver provided, for example, with 
an oscillating mirror to reflect alternately 

15 the rays emitted by the grating in both direc- 
tions. The quality of the signals from the 
correlator system can be improved by select- 
ing certain structures existing at the object 
surface which contribute most to the genera- 

20 tion of signals and have large local frequency 
components in the direction of measurement 
by using them in preference to other object 
structures. This principle is embodied in 
apparatus for making measurements along 

z > two co-ordinates, and shown in Fig. 10. The 
road surface 1 is illuminated by lamp 2 with 
condenser 3. The object lens set 4 produces 
an image of a feature of road surface in the 
plane of a pyramid shaped optical grating 

30 25. Behind the entry lens of the objective set 
4 a cross diaphragm 6' is provided with slits 
parallel to the pyramid face inclination in 
grating 25 and therefore parallel to the 
measured directions. The light passing 

^ through grating 25 then passes through a 
common condenser 32 to each of the photo- 
electric receivers 8, arranged in pairs. The 
signals leaving the receivers are then pro- 
cessed in the same way as with the appara- 

40 tus shown in Fig. 9. It was found that by 
using this layout the signal quality is im- 
proved threefold and more. 

Instead of generating directional signals by 
means of the driving unit 15 which causes 

45 the grating 25 to oscillate in the direction of 
its diagonals, a stationary arrangement can 
be used. In this case the grating is mounted 
statically and, in the incident ray path, a 
polarizing divider (e.g. a Wollaston prism) 

50 is mounted to effect division in the direc- 
tion coinciding with a diagonal of the grat- 
ing. 

Instead of the apparatus described with 
reference to Figs. 9 and 10 it is possible to 

55 use two appliances for measuring in the 
direction of one co-ordinate each instead of a 
single appliance measuring along two co- 
ordinates. These two single co-ordinate appli- 
ances are then appropriately positioned in 

60 relation to the measured direction and pre- 
ferably covering the same light components 
emitted by the object surface 1. The optical 
correlator systems for effecting measurement 
along one co-ordinate are shown in Figs. 3 

65 to 5. 



With the help of Figs. 11a to 11# we shall 
now explain the principle of distance measure- 
ment. It is known that by means of units for 
measuring distances alone it is not possible 
to solve problems relating to distance 70 
measurements for moving vehicles; in this 
case the distance to obstructions are also 
measured which are beyond the collision 
course (eg. vehicles travelling in the opposite 
direction m their traffic lane, road kerbs along 75 
curves, etc.). For this reason it is necessary 
to derive additional information which pro- 
duces data on the approach speed and the 
lateral movement of obstructions. In Figs. 
1 la and lie an obstruction in the form of 80 
another vehicle is shown positioned on the 
collision course. As indicated by a compari- 
son between Fig. 11a and Fig. 11c, the image 
of the obstructing vehicle is disposed sym- 
metrically with respect to the chain-dotted 85 
lines, which represent the two axes of sym- 
metry of the field of vision, and the image 
of the obstructing vehicle becomes progres- 
sively larger as the vehicle carrying the opti- 
cal correlator approaches the obstructing 90 
vehicle. However, when an obstruction is dis- 
posed to one side of the path of the vehicle 
carrying the correlator, the progressive en- 
largement of the image of the obstruction 
is associated with a simultaneous lateral dis- 95 
placement of the image, as indicated by com- 
paring Fig. Ho* with Fig, lib, where the 
obstruction is another vehicle, which is beinc 
overtaken. 

The rate of enlargement of this image is 100 
related to the speed at which the vehicle 
approaches the object imaged, and to the 
distance between the object and the vehicle 
Also, the lateral displacement of the image 
is related to the distance and lateral speed 105 
of the obstruction. The ratio of both speeds 
enables us to decide, apart from the size of 
and distance from the obstruction, the 
question whether there exists a risk of head- 
on collision or not. hq 

When for instance a road bend is negoti- 
ated, the road kerb facing the vehicle will 
be registered as an obstacle at a certain dis- 
tance in the line of vision (and thus in the 
direction of travel). The image will move 115 
however with a certain lateral speed out of 
the field of vision, Fig. He. The approach 
speed v a is a component of the relative move- 
ment and the lateral movement speed v, indi- 
cates to the observer that there is not risk 120 
of a head-on collision. 

It may be seen from these considerations 
that the appliance must also register, apart 
from the distance and its change in time (the 
approach speed), the lateral movement of the 125 
image in relation to the optical axis coincid- 
ing with the direction of travel. 

It is therefore also necessary to project an 
irnage in the screen field by means of an 
object lens facing the direction of travel The 130 



9 



l 5 408 3 O78 



9 



image moves across the screen field in agree- 
ment with the angular speed. Objects which 
during travel along a straight line arc located 
exactly in the direction of travel and per- 

5 form no movement of their own have no 
angular image speed. This means that in 
relation to the field of vision along the opti- 
cal axis there necessarily exists a point with- 
out a relative lateral movement, The greater 

10 the angle of rays causing an image to appear 
in the travel direction, the greater becomes 
at a given distance and relative speed the 
angular speed and thus the speed at which 
the point of an image travel across the field 

15 of vision. 

If an image projected on to the screen by 
an object lens is halved by a vertical straight 
line, as shown in Fig. 11/, which passes 
through the "fixed point" depending on travel 

20 direction, then (and only then) the image parts 
at a distance x to the right and left of this 
line cutting the image into two will move 
out at the same and opposite speed and 
direction (or towards each other if the object 
is receding) provided no lateral movement 
exists, that is; 

I v, I = I v, I 

At a given distance and approach speed, 
the magnitude of v r and v e increases with x 

30 because of the described relationship between 
the angular speed and die angle between the 
direction of travel and the line of vision. If 
an image speed meter be mounted at distance 
x to the right or left of the angle bisecting 

35 line which measures the image speed in direc- 
tion x, then it would be possible to deter- 
mine from the magnitude and sign of the 
measured image point displacement speed (by 
a simple averaging of the summary signal), 

40 the approach speed and from the calculated 
difference also the lateral speed. 

Were it necessary for purposes of energy 
measurement to mount a large area image 
speed meter into each half of the image, the 

45 speed-relationship with the x-value will cause 
a disturbance only if we mount into the opti- 
cal correlators for this purpose linear divided 
local frequency filters. If however, for in- 
stance, shaped non-linear periodic period 

50 spacing units were adopted, it would be pos- 
sible to obtain over a range of magnitudes 
for x signals of the same order for a certain 
approach speed 

x. 

(v r2 =approx. v rl . ) 

55 If the image is further halved not only 
in the direction * but also along y again by 
drawing a straight line intersecting horizont- 
ally the "fixed point" the same considerations 
will apply per analogy as described above. In 



fact, however, the image points always move 60 
radially away from the "fixed point". 

This means that for the purpose on hand 
the optimum pattern is obtained with circular 
non-linear arc spacings similar to the Fresnel 
zone plate or with suitable sections thereof 65 
which serve as local frequency filters, Fig. 

With ground vehicles only one lateral 
movement generally occurs, Le. a displace- 
ment in one dimension. Therefore only two 70 
image speed sensors are needed in the field 
of vision. For other applications it is naturally 
possible to use sensors for a second co-ordin- 
ate and then determine from all four sensor 
signals the direction of a transverse move- 75 
ment in all four quadrants. 

Fig. 12 shows diagrammatically the layout 
of a passive anti-collision apparatus based on 
the considerations discussed above. Fig. 12 
shows a speed correlator system 10"' for tak- 80 
ing measurements in all four quadrants; its 
output signals for one co-ordinate are applied 
to a summating stage 34 or 34' and a differ- 
ence-forming stage 35 and 35'. The output 
signals from these stages are applied to a 85 
ratio evaluating unit 36 which correlates the 
sum and differential signals for one co-ordin- 
ate and ascertains their ratio. A computer 25' 
is also provided on the load side of the 
evaluating unit. Associated with this cor- 90 
relator system is a distance measuring system 
27. Its output signals are also applied to the 
computer 25'. The output signals of this 
computer can be evaluated in different ways 
as indicated above. First, it is possible to 95 
feed these signals into a servo system 26" 
which reduces the speed of the controlled 
vehicle until its speed is less than or equal 
to the speed of the oncoming vehicle. If on 
the other hand the registered object is motion- 100 
less, the controlled vehicle is braked. More- 
over, each such servo system is provided with 
an indicator 40 and/or an alarm 28' which 
emits a suitable warning of the detected 
danger. *~ 105 

It is an advantage to position both measur- 
ing systems 10"' and 27 behind the wind- 
screen of the vehicle to protect them against 
weather. 

The advantage of the anti-collision appara- no 
tus compared with known systems consists in 
that the obstructions along the collision path 
can be perfectly well distinguished from other 
obstacles (e.g. road kerbs) since they do not 
generate an asymmetric signal component in 115 
the measuring system. 

By using photo-electric receivers reacting 
to infra-red rays, it is possible to generate 
signals induced by a vehicle travelling in 
front in the dark and when its rear lights are 120 
out of order. 

When the approach speed of a vehicle 
travelling in the rear is to be detected by the 
proposed method, an appliance as described is 
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used comprising an optical correlator system 
with at least one optical grating structure in 
its image plane and at least one photo-electric 
receiver. The electric output signals of the 

5 correlator system are then applied to a com- 
paring unit together with electric signals pro- 
portional to the speed of the controlled 
vehicle. The comparing unit output is then 
applied to an alarm. 

10 It is an advantage to provide each vehicle 
with two optical correlator systems; one 
effects measurement along two co-ordinates 
and is mounted at the front end of the 
vehicle; the second correlator system posi- 

15 tioned at the rear of the vehicle measures 
only in the direction at right angles to the 
direction of travel. This layout is necessary for 
early detection of the rear skid. 

It should be finally mentioned that for 

20 measurements along the road surface the cor- 
relator system should be provided with an 
optical system suitable for taking into account 
distance variations and provide it with an 
auxiliary distance-effect-compensating system 

25 which ensures that the image position remains 
approximately the same. If necessary, the 
adjustment of this optical unit is controlled 
by a distance measuring system. 

Although, in each of the embodiments which 

30 have been described above to photo-electric 
receivers are shown to evaluate movement in 
the direction of a co-ordinate it is often pos- 
sible by adopting appropriate means to re- 
place the two receivers by one such receiver 

35 which is alternately moved into the required 
ray path of the system. This avoids differ- 
ences in the working characteristics of several 
concurrently used photo-electric receivers. 
Also, although the invention has been des- 

40 cribed with reference to its application to a 
land vehicle supported on road wheels, the 
invention may also be applied to tracked 
vehicles. 

WHAT WE CLAIM IS: — 

45 1. A method of measuring, controlling or 
indicating a motion of a land vehicle, com- 
prising the steps of forming at least one image 
of an object in the vicinity of the vehicle on 
an optical^ grating of an optical correlator 

50 device, deriving a pair of phase-opposed elec- 
trical signals from at least one photo-electric 
receiver responsive to light modulated by the 
grating, deriving at least one further electrical 
signal from the phase-opposed signals to 

55 represent the motion of the vehicle relative 
to the object, and applying the or each derived 
signal to means for measuring, controlling or 
indicating, respectively, the motion of the 
vehicle. 

60 2. A method as claimed in claim 1, com- 
prising the steps of deriving a first signal pro- 
portional to the speed of the vehicle from 
the phase-opposed signals, generating at least 
one second electrical signal proportional to 



the peripheral speed of a respective rotary or 65 
circulatory member supporting the vehicle 
on the ground, comparing the first signal with 
the or each second signal, and applying at 
least one electrical control signal resulting 
from tins comparison to control means of the 70 
vehicle to initiate acceleration or deceleration 
for the purpose of achieving a predetermined 
difference between the speed of the vehicle 
and the peripheral speed of the respective sup- 
porting member. 75 

3. A method as claimed in either claim 1 
or claim 2, comprising the step of generating 
at least one electrical signal proportional to 
movement of the vehicle in a direction trans- 
verse to a desired direction of travel of the 80 
vehicle, and applying the or each said signal 

to steering means of the vehicle. 

4. A method as claimed in claim 3, where- 
in the or each signal proportional to move- 
ment of the vehicle in a direction transverse 85 
to the desired direction is derived from the 
phase-opposed signals. 

5. A method as claimed in claim 1, where- 
in for the purpose of adjusting the braking 
me ans a nd drive means of the vehicle to vary- 90 
ing travel conditions when traversing a curved 
route, electrical signals proportional to the 
movement of the vehicle transverse to the 
desired direction of travel are derived from 

the optical correlator device, and these sig- 95 
nals are applied to the drive means, braking 
means or to steering means of the vehicle^ 
the signals providing an indication of the 
maximum permissible and actual speed of the 
vehicle along a curve. 100 

6. A method as claimed in claim 5, where- 
in further electrical signals relating to the 
vehicle slip in the direction of travel and to 
deflection of the steering means of the vehicle 

are derived, at least one of the further signals, 105 
in combination with the signals proportional 
to the movement of the vehicle transverse to 
the desired direction of travel, being applied 
to the drive means, braking means, or steer- 
ing means of the vehicle. no 

7. A method as claimed in claim 1, wherein 
for the purpose of measuring distances be- 
tween the vehicle and an obstruction in the 
direction of travel, an image structure of the 
obstruction is received by the optical correla- 115 
tor device, signals are generated relating to 

the distance, the relative speed in the direc- 
tion of travel and the relative speed in the 
direction transverse to the desired direction 
of travel between vehicle and the obstruction, 120 
and these signals after being compared with 
the speed of the vehicle are applied to a 
servo system controlling the speed of the 
vehicle or to an indicating device or to a 
warning device. ]25 

8. A method as claimed in claim 7, where- 
in the signals for representing distance or its 
change are obtained from the amplitudes of 
signals derived from the optical correlator 
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device, and signals representing the relative 
speed in a direction transverse to the desired 
direction of travel are obtained from the fre- 
quency and phase angle of signals derived 
5 from the optical correlator device, 

9. A method as claimed in claim 1, where- 
in for the purpose of detennining the 
approach speed of vehicles following the con- 
trolled vehicle, the optical correlator device 

10 is arranged to face to the rear of the con- 
trolled vehicle to register at least one image 
structure of the following vehicle and to 
generate electrical signals proportional to its 
approach speed and to the distance between 

15 the following and die controlled vehicle, and 
wherein said signals are then compared with 
the speed of the controlled vehicle and applied 
to an indicating device or to a warning device. 

10. A method as claimed in any one of 
20 claims 1 to 7, wherein signals related to the 

direction of movement of the controlled 
vehicle are derived from the optical correla- 
tor device, which comprises at least one opti- 
cal grating in its image plane, at least one 
photo-electric receiver responsive to light 
modulated by the grating, optical means 
which polarize or split light incident on the 
grating into their different polarizing or 
colour components of the incident light, and 
30 either the grating or the optical means. 

11. A method as claimed in claim 10, com- 
prising the step of splitting light incident on 
the grating into differently polarized beams 
by optical means. 

35 12. A method as claimed in claim 10, com- 
prising the step of splitting light incident on 
the grating into different colour components 
by optical means. 

13. A method as claimed in either claim 
40 11 or claim 12, comprising the step of 

periodically displacing the optical means rela- 
tive to the grating. 

14. A method as claimed in either claim 
11 or claim 12, comprising the step of 

45 periodically displacing the grating relative to 
the beams of light incident on the grating. 

15. A method as claimed in any one of 
claims 1 to 14, wherein the optical correlator 
device comprises a grating including a 

50 plurality of photo-electric receivers arranged 
in the image plane. 

16. A method as claimed in claim 15, 
wherein the grating includes a plurality of 
interconnected strip receiver elements, the 

55 strip receiver elements of the "respective photo- 
electric receivers being arranged parallel to 
and alternately with one another. 

17. A method of measuring controlling or 
indicating the motion of a land vehicle, as 

GO claimed in claim 1 and substantially as herein- 
before described with reference to Figs. 1 to 
3, or Figs. 1, 2 and 4, or Figs. 1, 2 and 
5 of the accompanying drawings. 

18. A method as claimed in claim 17, and 



substantially as hereinbefore described with 65 
reference to Fig. 7 of the accompanying draw- 
ings. 

19. A method as claimed in either claim 
17 or claim 18, and substantially as herein- 
before described with reference to Figs. 8 70 
and 9, or Figs. 8 and 10 or Figs. 11 and 12 

of the accompanying drawings. 

20. A method as claimed in any one of 
claims 17 to 19, and substantially as herein- 
before described with reference to Figs. 6 of 75 
the accompanying drawings. 

21. Apparatus for measuring, controlling 
or indicating a motion of a land vehicle rela- 
tive to an object, comprising an optical cor- 
relator device mounted on the vehicle, the 80 
correlator device including an optical grating 
and at least one photo-electric receiver res- 
ponsive to light modulated by the grating, 
imaging means to form at least one image of 

the object on the grating, means for deriving 85 
a pair of phase-opposed electrical signals from 
the correlator device, means for deriving at 
least one further electrical signal from the 
phase-opposed signals to represent the motion 
of the vehicle relative to the object, and means 90 
for applying the or each derived signal to 
means for measuring, controlling or indicat- 
ing, respectively, the motion of the vehicle. 

22. Apparatus as claimed in claim 21, com- 
prising means for deriving a first electrical 95 
signal proportional to the speed of the vehicle 
relative to the ground from the phase-opposed 
signals, sensing means for providing at least 
one second electrical signal representing the 
peripheral speed of a respective rotary or 100 
circulatory member supporting the vehicle on 

the ground, comparator means to compare 
the first signal with the or each second sig- 
nal, means for deriving at least one electrical 
control signal from the comparator means, 105 
and means for applying the or each control 
signal to control means of the vehicle to 
initiate acceleration or deceleration for the 
purpose of achieving a predetermined differ- 
ence between the speed of the vehicle and 110 
the peripheral speed of the respective sup- 
porting members. 

23. Apparatus as claimed in claim 22, 
wherein the or each supporting member com- 
prises a road wheel of the vehicle, and the 115 
or each second electrical signal represents the 
speed of rotation of the respective road wheel. 

24. Apparatus as claimed in any one of 
claims 21 to 23, comprising means for deriv- 
ing from the correlator device at least one 120 
electrical signal proportional to movement of 

the vehicle in a direction transverse to the 
desired direction of travel of the vehicle, and 
means for applying said signal to steering 
means of the vehicle. " 125 

25. Apparatus as claimed in any one of 
claims 22 to 24, wherein the optical corre- 
lator device comprises optical separating 
means interposed in the path of light incident 
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on the grating to provide two images in the 
polarized li^ht images in the plane of the 
grating, and displacement means for effect- 
ing relative displacement between each of the 
5 images and the grating. 

26. Apparatus as claimed in any one of 
claims 22 to 24, wherein the optical corre- 
lator device comprises optical separating 
means interposed in the path of light incident 

10 on the grating to provide two images in the 
plane of the grating of respectively different 
colour components, of the incident light, and 
displacement means for effecting relative dis- 
placement between each of the images and the 

15 grating. 

27. Apparatus as claimed in either claim 
25 or claim 26, wherein the two images are 
mutually displaced by half the grating con- 
stant. & 

20 28. Apparatus as claimed in any one of 
claims 25 to 27, wherein the means for effect- 
ing relative displacement between the grat- 
ing and the images comprises means for dis- 
placing the grating. 

25 29. Apparatus as claimed in any one of 
claims 25 to 27, wherein the means for effect- 
ing relative displacement between the grating 
and the images comprises means for displac- 
ing the optical separating means. 

30 30. Apparatus as claimed in any one of 
claims 25 to 29, wherein a plurality of optical 
gratings are superimposed on one another. 

31. Apparatus as claimed in any one of 
claims 25 to 30, wherein the displacement 

35 means comprises electro-mechanically oper- 
able drive means. 

32. Apparatus as claimed in any one of 
claims 25 to 31, wherein the output signals 
of the correlator device and the signals from 

40 the sensing means are applied to a computer, 
the resultant of the sideways drift and slip 
in the direction of travel being calculated by 
the computer and compared with a predeter- 
mined limiting value for the vehicle with due 

45 regard to steering displacement of the vehicle 
supporting members and, on the limiting 
value being exceeded, the vehicle control 
means becoming effective to apply corrections 
to the braking means or drive means, or to 

50 the steering means of the vehicle. 

33. Apparatus as claimed in any one of 
claims 25 to 31, wherein the signals generated 
by the correlator device are responsive to 
displacement of the images in two mutually 

55 perpendicular co-ordinate directions each in 
a plane at right angles to the line of vision 
of a driver in the vehicle. 

34. Apparatus as claimed in claim 33, com- 
prising summator means, differencing means, 

60 and a ratio determining means, a computer 
and a device for measuring the distance be- 
tween the vehicle and the object imaged by 
the correlator device, a pair of phase-opposed 
electrical signals being derived from the opti- 

65 cal correlator in response to relative displace- 



ment of the images in each of the two 
mutually perpendicular co-ordinate directions, 
each pair of phase-opposed signals being 
applied to a respective summator means and 
to a respective difference-forming means, out- 70 
put signals derived from the respective sum- 
mator means and from the difference-form- 
ing means being applied to the ratio deter- 
mining means, the signal output from the 
ratio determining means being applied to the 75 
computer, and output signals derived from 
the computer being applied to control means 
of the vehicle. 

35. Apparatus as claimed in claim 34, 
wherein the output signals derived from the 80 
computer are applied to indicator means for 
indicating information relating to the move- 
ment of the vehicle. 

36. Apparatus as claimed in any one of 
claims 21 to 35, wherein the optical corre- 85 
lator device faces towards the rear of the 
vehicle, the electrical output signal of the 
correlator device and electrical signals pro- 
portional to the speed of the vehicle being 
applied to comparator means for comparing 90 
the signals input thereto, and wherein a warn- 
ing device is connected to output means of 

the comparator means. 

37. Apparatus as claimed in any one of 
claims 21 to 36, wherein the optical corre- 95 
lator system is mounted in a housing provided 
with a displaceable cover, means being pro- 
vided to retain the cover closed while the 
vehicle is motionless and to open the cover 
when the vehicle is moving. jqo 

38. Apparatus as claimed in claim 37, 
wherein the means provided to displace the 
cover comprise means for introducing gas 
into the housing while the vehicle is mov- 

m & io5 

39. Apparatus as claimed in any one of 
claims 21 to 38, comprising two optical cor- 
relator devices usable simultaneously, a first 
of which is arranged for measurements along 

two co-ordinates and is mounted at the front 110 
of the vehicle, and the second of which is 
mounted at the rear of the vehicle and is 
arranged for measurements transversely to the 
direction of travel. 

40. Apparatus as claimed in any one of 115 
claims 33 to 35, wherein the correlator device 

is mounted behind the windscreen of the 
vehicle. 

41. Apparatus as claimed in claim 36, 
wherein ^ the correlator device is mounted 120 
behind the rear window inside the vehicle. 

42. Apparatus as claimed in any one of 
claims 21 to 41, wherein an optical system 
is provided in front of the grating of the cor- 
relator device to compensate for changes in 125 
the distance between the object and the cor- 
relator device. 

43. Apparatus as claimed in claim 42, 
wherein the optical system comprises at least 
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one optical unit for effectively optimizing 
the image generating capacity in the specified 
direction of measurement. 

44. Apparatus as claimed in claim 43, 
5 wherein the optically effective optimizing unit 

comprises a slit diaphragm in the aperture 
zone, or in the co-focal zone of the image 
generating optical system. 

45. Apparatus as claimed in claim 43, 
10 wherein die optically effective optimizing unit 

comprises a cross-slit diaphragm. 

46. Apparatus as claimed in any one of 
claims 21 to 45, wherein the optical grating 
in the correlator device comprises a double- 

15 acting polarizing grating. 

47. Apparatus as claimed in claim 46, 
wherein the grating comprises two sandwiched 
dividers with differently polarizing layers 
fixedly mounted on carriers in relation to 

20 each other. 

48. Apparatus for measuring controlling or 
indicating the movement of a land vehicle, 
substantially as hereinbefore described with 



reference to Figs. 1 to 3, or Figs. 1, 2 and 4, 
or Figs. 1, 2 and 5 of the accompanying 
drawings. 

49. Apparatus as claimed in claim 48, and 
substantially as hereinbefore described with 
reference to Fig. 7 of the accompanying draw- 
ings. 

50. Apparatus as claimed in either claim 
48 or claim 49, and substantially as herein- 
before described with reference to Figs. 8 
and 9, or Figs. 8 and 10, or Figs. 11 and 
12 of the accompanying drawings. 

51. Apparatus as claimed in any one of 
claims 48 to 50, and substantially as herein- 
before described with reference to Fig. 6 of 
the accompanying drawings. 
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